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JANUARY 1940 


Revision of the Australian Standard Specification 
for Portland Cement. 


A REVISED standard specification for Portland cement and high-early-strength 
Portland cement was issued in August, 1939, by the Standards Association of* 
Australia. 

In this edition the name “ rapid-hardening cement ”’ 
“‘ high-early-strength Portland cement.” 

DEFINITION OF CEMENT.—The specification states that the cement “ shall 
be prepared by intimately mixing together calcareous and argillaceous and/or 
other silica, alumina, or iron oxide-bearing materials, burning them at a clinkering 
temperature and grinding the resulting clinker so as to produce a cement capable 
of complying with the requirements of this specification. No addition of any 
materials other than water, or calcium sulphate containing not less than 30 per cent. 
SOs, or both, shall be made after burning. If any other materials be added, 
the product shall not be regarded as Portland cement or high-early-strength 
Portland cement.”’ 

CHEMICAL PROPERTIES.—When the cement is tested in the manner described 
the following limits shall not be exceeded : 


has been changed to 
The principal revisions are as follows. 


Tolerance 
Per cent. 
O15 
OrI5 


Maximum 
Per cent. 


3°00 
2:00 


Loss on ignition 
Insoluble residue . ; 
Sulphuric anhy tide (SO, ) 2:75 0-10 
Magnesia ‘ 4°00 0°25 
All results in excess of the specie maximum tent within the specified tolerance 
shall be reported as being the specified maximum percentage. 


(2 
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SETTING TIME.—The cement shall develop initial set in not less than one 
hour, and hard set in not more than twelve hours after being mixed with water 
and tested. 

SOUNDNEsSS.—Pats made and tested shall show no signs of cracking, crumbling, 
checking, or alteration of form. 

CONSTANCY OF VOLUME.—Samples of the cement, when subjected to the 
Le Chatelier test after 24 hours’ aeration, shall not show more than 5 mm. 
expansion, or, should the expansion exceed this limit, after six days’ further 
aeration of the same sample the expansion shall not exceed 2:5 mm. 

COMPRESSIVE STRENGTH.—The average compressive strengths of sand-cement 
mortar cubes made and tested shall not be less than those shown in Table I. 


TABLE I.—COMPRESSIVE STRENGTH OF PORTLAND CEMENT AND HIGH-EARLY-STRENGTH 
PORTLAND CEMENT 








Minimum Compressive Strength 
Ib. per sq. in. 
Age at Test Storage High-early- 
Portland strength 
cement Portland 
cement 
3 days 24 hours in moist storage, - 4,000 
2 days in water storage. 
7 days 24 hours in moist storage, 3,500 5,500 
6 days in water storage. 
28 days 24 hours in moist storage, 4,500 6,500 
27 days in water storage. 
28 days 24 hours in moist storage, 5,000 7,000 
6 days in water storage, | 
21 days in air storage. 





Where conditions are such as to necessitate acceptance based on tests of 
shorter duration than 28 days, cements may, if agreed between purchaser and 
vendor, be accepted after completion of the 7-day tests provided that the strengths 
shall not be less than those shown in Table IT. 











TABLE II 
Minimum Compressive Strength 
Ib. per sq. in. 
Age at Test Storage | High-early- 
Portland strength 
cement | Portland 
| cement 
3 days 24 hours in moist storage, 2,500 | 4,000 
2 days in water storage. | 
7 days 24 hours in moist storage, 3,500 | 5,500 
6 days in water storage. | 











: 


La NE PLEEROE RIN HE” 0 208001 


IE Hep 


ES NAG TSUN ATS Bhi SEARS 








ALP ORO Tbe RON RL RRR Ud EE" tla: i ANP OD NM A AE NMA Mt AORN R A EON GREE ARIE SEER TIOEESIIC iO ata eh ilies 


ATL IS SNE BO SEI IS BI ETI I HE, 





JANUARY, 1949 CEMENT AND LIME MANUFACTURE Pace 3 


Constitution of Portland Cement Clinker.* 
By R. H. BOGUE. 


UNSOUNDNESS DUE TO FREE CaO.—The effect of free CaO in producing un- 
soundness is well knowns! but additional information recently obtained by 
Lerch suggests a method by which the unsoundness due to free CaO and that due 
to MgO may be differentiated. Laboratory clinkers were prepared from com- 
mercial raw materials of such composition and heat-treatment that the free CaO 
was caused to vary with the 2CaO . SiO, or with the 3CaO . SiO, in several groups 
which differed in MgO content. The clinkers were uniformly quickly cooled. 
Bars (6 in. by 1 in. by 1 in.) of the neat cement paste, mixed with water to give 
normal consistency, were cured in the moulds for one day and thereafter stored 
in water at 25 deg. Length measurements have been made on these bars during 
the two-year period. An additional set of bars, similarly prepared, was auto- 
claved, after one day in the moulds, for 72 hours at 177 deg., and a third set 
was steamed, after one day in the moulds, for five hours at 100 deg. 

A part of the data obtained is shown in Fig. 7 where the percentage of ex- 
pansion is plotted against the free CaO content for six groups which differ chiefly 
in their MgO content. There are shown, for each group, the expansion in water 
at two years; the expansion in steam after five hours at roo deg.; and the 
expansion in the autoclave after 72 hours at 177 deg. 

The expansions in water at two years are shown to have increased consistently 
in each group with increasing freeCaO. The expansions in the autoclave increased 
with increasing free CaO, becoming very high in all specimens containing over 
2 per cent. of free CaO. In the high MgO groups, however, the autoclave expan- 
sions were high in all cases, regardless of the high free CaO content. In steam 
at 100 deg. the expansions also increased rapidly with increasing free CaO, but 
in this case no effect due to the MgO was observed. 

Thus the expansions due to the free CaO and to the periclase may be differ- 
entiated and the method may be useful in ascertaining the ultimate sources of 
expansive characteristics of a cement. Thus two cements may both show high 
autoclave expansion (cf. No s.205 A and 243) whereas one, in steam at I00 deg., 
may show low expansion (0-016 per cent. for No. 205A) and the other high expan- 
sion (3°559 per cent. for No. 243). This indicates that periclase is responsible 
for the high value in the autoclave test in the former and free CaO largely or wholly 
responsible for the high value in the latter. 


UNSOUNDNESS DUE TO 3CaO. Al,O3.—The influence of 3CaO . Al,O; on the 
autoclave expansion is indicated by data obtained in the study of the effects 
of heat-treatment of commercial clinkers on properties of the cement. The 

51 LercH, WM. Concrete (Cement Mill Ed.), 1929, 35, No. 1, p. 109; No. 2, p. 119. 


* Previous parts of this paper were published in this journal for October, November 
and December, 1939. 





Pace 4 CEMENT AND LIME MANUFACTURE JANUARY, 1940 


cements selected for examination included all of the cements shown in Table 1 
which contained less than 2 per cent. of MgO. The autoclave expansions are 
plotted in Fig. 8 against the potential 3CaO . Al,O, content. The upper curve 
represents these relationships for the slowly-cooled clinkers. In this group the 
free CaO does not exceed 0-3 per cent. and the glass does not exceed 3 per cent. 
Consequently the expansive effects due to periclase and free CaO are reduced to 
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negligible values, and any other relationship may more readily be observed. 
Also, because of the low glass content, the actual 3CaO . Al,O, (except as influenced 
by alkalis, etc.) may be assumed to be closely indicated by the potential 
3CaO . Al,O3. It may be observed that, at 3CaO . Al,O, content above 6 to 8 per 
cent., the autoclave expansion increases rapidly with increasing 3CaO . Al,Os. 

The expansions of the quickly-cooled cements of the same compositions are 
shown in the lower curve and, except where high free CaO materially raises the 
expansions, the values are consistently very low. This indicates, first, that 
crystalline 3CaO . Al,O, is capable of giving rise to high expansions and, secondly: 
that when the components of the 3CaO . Al,O, are caused to be present in the 
glass the expansions due to their presence are very slight. 

These experiments provide confirmation of the theoretical deduction that the 





AGE IN DAYS 


Fig. 9.—The Heats of Hydration of,Cements made from the 
slowly-cooled (S) and quickly-cooled (Q) clinkers at 3, 7 
and 28 days. 
periclase and the 3CaO. Al,O, are decreased in clinkers as the glass content is 
increased and they show some of the effects on the cements which are due directly 
to the periclase and the 3CaO . Al,O, but which may be attributed indirectly to 
the presence of glass. 

EFFECT OF GLASS ON HEAT OF HyDRATION.—The effect, due to the formation 
of glass, on the heat of hydration was noted by Lerch by making the determina- 
tions? at three, seven, and 28 days on commercial cements differently heat-treated 
as above describeds3. The results on part of these cements are shown in Fig. 9 
where the heats of hydration are plotted against the age of the slowly-cooled and 
the quickly-cooled cements. At three days there is observed to be generally 
very little difference in the heats of hydration, but at later ages the quickly- 
cooled cements show consistently the higher values. 


52 LERCH, WM. Eng. News-Record, 1934, 113, 523- 
53 LercH, WM. Bur. Standards J. Research; in the press. 
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This result should be expected because of the higher energy content of the 
glass. If the constituents, both as glass and as crystalline materials, hydrate 
to the same end products, the heat of hydration of the glass will be equal to the 
sum of the latent heat of crystallisation of the glass and the heat of hydration 
of the crystalline compounds deriving from the glass. Consequently the heat of 
complete hydration will be higher for a clinker containing glass than for one 
of the same composition which contains no glass. But at early ages the hydration 
has progressed only a short way towards completion, secondary reactions may 
have taken place, and the heat evolution will be affected by the relative rates of 
reaction of the phases present. 

Other effects of the heat treatment are under study, including resistance to 
sulphate action, the strengths of various types of specimens, and the volume 
constancy of specimens stored in water and in air. When completed this 
information will provide a very good beginning towards a better understanding 
of the effects on cement properties due to differences in the thermal history of 
the clinker and to accompanying differences in the glass content and compound 
composition. 


Retrospect. 


The advances that have been made during the past twenty years in our 
knowledge of the constitution of Portland cement clinker have come about 
through three well-recognised directions: First, a continued study of the phase 
relations of the components of clinker, particularly of the systems which include 
Fe,0;, MgO and the alkali; secondly, a development of microscopic and X-ray 
methods in the identification and measurement of the phases observed ; and 
thirdly, a systematic study of the effects of each constituent, individually and 
collectively, on the properties of the cement, including especially such properties 
as heat of solution and hydration, resistance to sulphate attack, length changes 
under different conditions of exposure, and rate of development of strength. 

During this period the concept of clinker as a mixture of phases, definitely 
determined by the composition and the heat treatment, rather than as a mixture 
of hypothetically existing oxides, has become established. Recognising the still 
incomplete information on these phases, their consideration, with prescribed 
limitations in interpretation, has been an important adjunct in the manufacture, 
specification, and use of improved and special cements. 

Perhaps of greatest interest at the moment is the information that is being 
obtained on the glass phase of clinker. Its composition in the four-component 
system CaO-SiO,-Al,0,-Fe,O, can be calculated and, with certain reservations, 
in more complex systems. Its nature has been found to be a metastable transition 
form between the random atomic orientation of a liquid and the periodic and 
atomic-selective structure of a crystal. Thermal and microscopic methods have 
been developed for its approximation. The time element in the crystallisation 
of the liquid and lack of information on the course followed during the process 
preclude the setting up of precise equations for the calculation of constitution 
where a known amount of glass is present but, with certain postulations, equations 
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have been developed for this purpose. These must be used with definite reserva- 
tions in interpretation, but their use, with such reservations, should still further 
elucidate the relationships between constitution and properties. 

The presence of glass may change greatly not only the amounts but the ratios 
of the crystalline phases in the clinker and the properties of the cement may be 
expected to change accordingly. Thus, by way of illustration, the solution of 
magnesia in the glass may decrease or remove the periclase which might otherwise 
give rise to serious expansions in concrete structures. 

The alkali systems are now being studied intensively and already it is apparent 
that the small percentages in which they usually occur in commercial slurries 
may still be adequate to produce a profound effect on the percentages of the 
major constituents in the clinker. 

All of this work leads to these ends: Increased security in the use of Portland 
cement, an enlarged field of service, and the knowledge by which cement may 
be designed for the purposes which will not be known until to-morrow. 


Appendix. 

Equations for Calculating Phase Composition of Clinker with Normal 
Crystallisation to an Estimated Glass Content, by Dahl4?. Types A-1 and B. 

The symbols A, B, C and D represent potential percentages of 3CaO . SiOg, 
2CaO . SiO,, 3CaO . Al,O, and 4CaO. Al,O, . Fe,O3 respectively in any mixture 
or clinker under consideration. M is MgO and G is glass. 

Where magnesia is to be considered, the estimated percentage of glass, 
containing MgO, is not G but may be designated as P. Then, if M is greater 
than 0:06 P, G = 0.94 P and free MgO = M—o-06 P._If M is less than 0-06 P, 
G = P—M and free MgO = O. 


CLASSIFICATION KEY-SYSTEM C3S-C,S-C,A-C,AF. 
Tvpe 
C/D exceeds 0°64 
B/D exceeds 0:32 
C/D exceeds 3°33 
B/D exceeds 2:40 
B/C exceeds 0-72 1-1 
B/C less than 0-72 .. os .. Ae 
B/D less than 2-40 4-2 
C/D less than 3°33 
B exceeds (0°77 C—o-17D) ... .. A-I 
B less than (0-77 C—o-17 D) .. Su 
B/D between 0:28 and 0-32 C 
B/D less than 0-28 C 
C/D less than 0-64 
B/C exceeds 0°50 .. a “a ea ie ae 
B/C between 0-43 and 0-5 >» ds se, CE 
B/C less than 0-43 .. 
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Type A-1. (C,AF, THE DISAPPEARING PHASE). 
Group 1. Crystallisation at T,— 
Equations to be applied when glass content is less than the quantity of liquid 
present when C,AF disappears, as indicated in Groups 2 to 5. 
C;5S = A—o-014G 
CSS = B—o-162 | 
C;A = C—o0-322G 
C,AF = D—o-502 G 
Group 2. C/D between 0-64 and 3°33— 
(a) G less than 1-99 D. Use equations in Group 1. 


34 





(6) G between 1-99 D and (1-12 C + 1-27 D) 
Css = A— 1r19D+ 0:58G | 
CS = B + 1-05 D — 0-69G eg ae fis, 3S 
C,A = C + 1:14 D — 0°89 G 
(c) G between (1-12 C + 1-27 D) and (1-11 C + 1°37 D) 
007G—o16C  17:06C + 10°15 D — 10°82 G | 














SAS ene: A 4- Scdgeteepenngenten ile oases sonia einem ere 
ee D/C — o-12 * 8-10 — C/D 
36 
C5 = B+ 005 G +04 C , 2:72 G — 9:96 C — 2:05 D | 
ae 8-10 — C/D 
(d) G between (1-11 C + 1-37 D) and (1-16 C + 1-67 D) 
, este —o1gG , 5°86 C — 2°82 D — 0'58G 
CS = A + = ++ ee 
D/C + o-16 C/D + 6°34 
r 37 
pide 0:03G —015C , 148C + 9:16 D — 5:76 G | 
|, a ae C/D + 6°34 } 
Group 3. C/D between 3°33 and 4:71— 
(a) G less than 1-99 D. Use equations in Group I. 
(6) G between 1-99 D and 5-00 D 
C35 =A—r1i19D- 0°58 G | 
CS =B+ 1-03 D — 0-69 G 38 


C,A = C + 1-14 D — 0-89G 


(c) G between 5-00 D and (1-14 C + 1-19 D) 
CS = - A — 0:80 D + 0:50G | 
C38 = B + 076 D — 063 G A ee a 
C,A = C + 1-04 D — 087G 
(d) G between (1-14 C + 1-19 D) and (1-10 C + 1-40 D) 
0:46G —0-65C , 10:62C 4 9°85 D — g:00G 


t S == / sabi. cetemieatsiemaesisiiamnieheciatniin Le 
“s as D/C —o22 * 4°49 — C/D 





40 





0°43 C —0:24G , 4:51 G — 7:13 C — 5:36 D | 


.S=B+ 4 
\2 a D/C -0-22 | 4:49 — C/D 
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(e) G between (1-10 C + 1-40 D) and (1-08 C + 1-92 D) 
i 0:07 C — 0:08 G a 31:3 C —138D—45G |) 
et Bor D/C — 0-03 32°6 — C/D | 


o1rG—o10C , 03C + 46-4 D — 28-1G 


i. oe 
D/C — 0°03 ll 32-6 — C/D | 


C,S = B ot. 


Group 4. C/D between 4:71 and 12:50— 
(a) G less than (1-14C + 1-19 D). Use equations in Group 3 appropriate for 
the estimated value of G. 
(5) G between (1-14 C + 1-19 D) and (1-08 C + 1-92 D) 
ee 007G—o13C , 14478C+7:10D —7-9G 
aie D/C — 00865 11°565 — C/D 
C5 = Bi COG TOC , 3:7G + 445D —43C 
— D/C — 0-0865 11-565 — C/D 





|e 


Group 5. C/D greater than 12-50— 


(a) G less than 5:00 D. Use equations in Group 3 appropriate for the 
estimated value of G. : 


(6) G between 5-00 D and (1-08 C + 1-92 D). Use equations in Series 39. 
Type B. (C,A THE DISAPPEARING PHASE.) 


Group 6. Crystallisation at T,— 
Equations to be applied when glass content is less than the quantity of liquid 
present when C,A disappears, as indicated in groups 7 to Io, 
C5 =A—o014G 
~S =B—o0162G | 


C, z 43 
CA =C —0322G 
C,AF = D — 0-502G 
Group 7. C/D less than o-10o— 
(a) G less than 3-10 C. Use equations in Group 6. 
(b) G between 3-10 C and 4:88 C 
C3 =A-+ 098 C — 0:23G | 
CS =B—os8ss8C+o001G 44 


C ,AF = D+ 0-90 C — 0-78G | 


(c) G between 4-88 C and 13-91 C 
C5 =A-+060C — 0:25G 
CS =B—043C+003G ¥ Ba ies 
C,AF = D + 083C — 0-78G | 


(ad) G between 13-91 C and (1-01 C + 1-29 D) 
C35 =A-+034C — 0:23G 
CS =B—o13C+o001G a re oe 
C,AF = D+ 0-79 C — 0-78G | 
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(e) G between (1-or C + 1-29 D) and (1-04 C + 1-37 D) 
0°43G —o40C | 2:59C + 4:43 D — 4:09G 





i Ser ae eye DIC + 0-36 C/D + 2:81 | 
47 
CS =B+ 075C—o79G , 1:28G + 1:22C — 1-62 D | 
- D/C+0-36 C/D + 2:81 
(f) G between (1-04 C + 1-37 D) and (1-50 C + 1-45 D) 
Suk s 4.33 G — 3°67 C 1, 0°23 D — 1-18 C — 0:22G 
b ; D/C + 5°853. C/D + o-171 | 
.- B&B 
ae 9'52C —1018G | 0:05G + 2-35 C — 0:06 D | 
at D/C + 5°853 C/D + o-171 


Group 8. C/D between 0-10 and 0-:26— 


(a) Gless than 4:88 C. Use equations in Group 7 appropriate for the estimated 
value of G. 


(5) G between 4-88 C and (1-07 C + 1:28 D). Use equations in series 45. 
(c) G between (1-07 C + 1-28 D) and (1-04 C + 1°37 D) 











CSA 4 219 C—214G , 1365C + 3°43 D — 3-46G 
ee ae =. 3-13 — C/D 
6G Cc G C D - 
- » , 246G—2a51C  033G — 11-52 C — o30D 
aii et D/C — 0:32 r 3°13 — C/D 
(d) G between (1-04 C + 1-37 D) and (1-50 C + 1-45 D) 
Ch ea 4°33 G — 367C , 0-23D —1:18C — 0:22G 
ee C/D + 0-171 | 
co 
CS = B+ 052 C—1018G . 2:35 C + 0:05 G — 0-06 D | 
"= b+ 7 


D/C + 5°853 C/D + o171— 
Group 9. C/D between 0:26 and 0:34— 

(a) Gless than 4:88 C. Use equations in Group 7 appropriate for the estimated 
value of G. 

(6) G between 4:88 C and (1-07 C + 1-28 D). Use equation in series 45. 

(c) G between (1-07 C + 1-28 D) and (1-14 C + 1-34 D) 

CS =A + 4°74 G — 4:69 C i 3°68 D — 1-91 C ~ 3:09 G 
6, a ae =" C/D + 0-85 | 





, 5°87 C — 5:92G | 


CS = B - P 2°24 G ot 3°76 . ones 2°83 D 


ae (SE 
Det C/D + 0-85 


(d) G between (1:14 C + 1-34 D) and (1-50 C + 1-45 D) 
361 C —130G , 0:06G + 0-07 C — 0:25 D | 





= A+ t scar aeoncpencate tts 
aes D/C + 3°437 C/D + 0-291 


un 
N 


1r22C+054D—035G 214G+o017C | 





CS =B+ 


C/D + o-291 D/C + 3°437 
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Group 10. C/D between 0-34 and 0-64— 
(a) G less than 3:10 C. Use equations in Group 6. 
(0) G between 3-10 C and (1:14 C + 1:26D). Use equations in series 44. 
(c) G between (1-14 C + 1:26 D) and (1:14 C + 1-34 D) 
_ 180G—200C | 2:22C + 1:58 D — 1-60G 
*~ 10 D/C + 0-095, ' C/100 D + 1-50 | 
C.5 = 2200 —1:90G , 0-55 G — 1:16 C — 0°53 D " 
7 10 D/C + 0-095 * C/100 D + 1-05 
(ad) G between (1-14 C + 1-34 D) and (1-50C + 1-45 D). Use equations in 
series 52. 





(Concluded). 








Cement Plant Built in Six Months. 


A NEW cement plant with a capacity of 7,000 barrels of cement a day is, states 
Engineering News-Record, has been built in six months. According to our con- 
temporary, in June, 1939, a contract for supplying 5,800,000 barrels of cement 
for Shasta Dam on California’s Central Valley project was awarded to the Perma- 
nente Corporation, of Oakland, California, at $1.19 per barrel. Immediately 
thereafter the Corporation started construction of a cement plant in the Santa 
Cruz mountains where work has proceeded at such a pace that the plant was com- 
pleted and in operation early in December. The speed is the more notable 
because the site necessitated more than 300,000 cu. yd. of excavation before the 
foundations could be built. 

Two 400-ft. kilns have been installed and the capacity is 7,000 barrels 
per day, using the wet process. With the Cottrell process for dust precipitation 
it is expected to reclaim 98 per cent. of the dust that otherwise would escape 
through the stack. Included in the installation is a 36-in. belt conveyor system 
5,600 ft. long to bring limestone from a quarry whose elevation is about gqo ft. 
above the level of the plant. On September 18 the 27 silos for cement storage 
were nearing completion, the belt conveyor and kilns were being erected, and 
work was well advanced on the thickening and slurry tanks as well as on the 
numerous incidental buildings. 
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B.S.S. for Hydrated Lime. 


A BritisH Standard Specification for hydrated lime for use in cement-lime- 
mortars for bonding brickwork and masonry has been issued by the British 
Standards Institution (price 2d.). The material is specified to be in the form of 
a fine dry powder, produced by treating either a high-calcium quicklime or a 
greystone quicklime with sufficient water in any suitable form to satisfy the 
chemical affinity of the calcium and magnesium oxides present, at the same time 
ensuring a dry, sound product. The quicklime employed is to be formed by 
burning a natural rock or other suitable material at such a temperature that it 
will slake when brought into contact with water. Eminently hydraulic limestones 
_ and magnesium limestones (that is, limestones containing more than 5 per cent. 
of magnesium oxide, calculated on the ignited sample) must not be used. 

The calcium and magnesium compounds present in the lime, calculated as 
oxides and expressed as a percentage of the weight of the ignited sample, must 
be not less than the following : (i) In the case of high calcium lime, 85 per cent. ; 
(ii) In the case of greystone lime, 75 per cent. The remainder must be essentially 
soluble silica and alumina. The magnesium oxide must not exceed 5 per cent. by 
weight of the ignited sample. The carbon dioxide content must not exceed 5 per 
cent. by weight of the original dry sample. 

The hydrated lime must not leave more than 5 per cent. by weight on a B.S. 
Sieve No. 72, and after passing the B.S. Sieve No. 72 not more than ro per cent. 
by weight may remain on a B.S. Sieve No. 170. Both calculations shall be based 
on weight. 

The fineness is determined as follows. 100 g. of the hydrated lime are placed on 
a B.S. Sieve No. 72 superimposed on a B.S. Sieve No. 170, and washed on and 
through the sieves with a moderate jet of water from a flexible pipe, the operation 
taking not more than thirty minutes. The residues must not be rubbed through 
the sieves. The actual residues on each sieve are then dried at 110 deg. C. (230 deg. 
F.) to constant weight and weighed, the amounts being recorded as residues on 
B.S. Sieves No. 72 and No. 170 respectively, when calculated as the percentage 
of the weight of hydrated lime taken. 

A description of the method of testing for soundness is included in the speci- 
fication. 





ALITE No. 1. 68% ALUMINA 


Refractory Standard 3260° Fahr. 


SUPER ALITE B. 57% ALUMINA 


REFRACTORIES Refractory Standard 3180° Fahr. 
for ALITE D. 41% ALUMINA 
CE MENT Refractory Standard 3150° Fahr. 
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Refractories for Cement Kilns.* 


By HENRY G. FISK, Ph.D. 


1913 
(15) W. Happe. Basic lining. Ger. pat. 281,207 (1913). (Wecke 198).— 
Process and apparatus for preparation of basic lining in rotary kilns. 


(16) Dynamidon, G.m.b.H. Ger. pat. 281,388, Aug. I, 1913; also Brit. pat. 
11,824, May 13, 1914. C.A. 9, 2301 (1915). (Wecke 199).—A lining for the sinter- 
ing zone of rotary furnaces includes an inner lining with a high content of molten 
clay and an insulating outer lining. 

(17) Harold A. Henry. Refractory linings for rotary cement kilns. Trans. 
Am. Cer. Soc. 15, 728 (1913). Chem. Abs. 8, 808 (1914).—Concrete (cement 
clinker, sand, and cement) linings were used considerably some years ago but 
required too much repair. MgO bricks stand heat well but are too expensive 
and will not stand temperature changes. Fireclay products of all kinds have 
been tried. For long life it is essential that the lining should allow the clinker 
to adhere to it, and the best linings are those that take the clinker coating quickest 
and hold it best. Bricks 6 in. thick are replacing g in. and 12 in. bricks. The 
present life is 3 to 12 months for continuous operation. Bricks should be as low 
in silica as possible consistent with other properties. The most practical is “‘ hand 
moulded ”’ high-alumina firebrick of a porous nature and burned to at least 
2600 deg. F. 

1914 
(18) W. Happe. Basic lining. Ger. pat. 284,809 (1914). (Wecke 200). 
1915 

(19) Dr. North. Lining for cement kilns, particularly for the hot zone. Ger. 
pat. 298,798 (1915). (Wecke 200).—A lining to resist the attack of acids as well 
as alkalis at high temperatures is prepared from raw zircon ore. 

(20) S. B. Newberry. U.S. pat. 1,156,018, Oct. 5, 1915. C.A. 9, 3347 (1915).— 
A basic refractory lining for lime or cement kilns, etc., is formed of Portland cement 
clinker mixed with ro per cent. to 20 per cent. of CaCl, which causes the clinker 
to form a firmly coherent lining even after heating to widely different temperatures 
in different portions of the lining. Other halides of alkaline earth metals have an 
effect similar to that of CaCl,. 

1918 

(21) Robert Schwarz. Fire resistant and highly refractory materials. Fr. 

Vieweg and Son, Braunschweig, 44 pages. (1918). (Wecke 202). 
1919 

(22) K. Endell. Refractories for the cement industry. Zement 8, 238-43, 

12/6 (1919). (Wecke 203).—(1) Predominately clay-containing material. Satis- 





* Continued from December, 1939. 
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factory tests for clay brick do not exist. (2) Chiefly oxide-containing material. 
The so-called alumindon made from molten clay has given good results. (3) Chiefly 
carbon or carbide-containing material. The first is not satisfactory in an oxidising 
atmosphere. The second is not generally as resistant to lime-rich compounds as 
is claimed by the makers. No refractory has all the desirable properties for the 
burning of cement. Clinker bricks have occasionally been satisfactory. 

(23) L. Stockton Abbott. Insulation in a cement kiln. Concrete, Mill S. 15, 
No. 6, 84-88 (1919).—Gives the conditions encountered in cement kilns. States 
that estimate of various authorities is that from 16-3 per cent. to 30 per cent. 
of the total heat generated in a kiln is lost. The advantages that accrue from a 
proper use of an efficient form of insulating material are (1) A material saving in 
fuel. (2) More of the unused portion of kiln heat is conserved for power production 
or other purposes. (3) An increased capacity for the same equipment. (4) A more 
uniform distribution of heat, minimising local overheating. (5) More accuracy 
and greater ease of temperature control. (6) It protects and gives longer life to 
kiln and dryer shells and the outer walls of boilers. (7) It improves working 
conditions and increases the efficiency of the employees. 


1920 

(24) C. H. Sountag. Firebrick lining for rotary kilns. Concrete, Mill S. 17, 
47-48 (1920).—The author outlines the conditions in cement kilns, and discusses 
the problem of refractory lining. Aluminous bricks are generally used for the hot 
zone. The formation of eutectic between the clinker and the brick causes adherence 
of the coating. Insulation of the hot zone cannot be practised as it raises the tem- 
perature of the inner face of the bricks and causes excessive melting of the face 
between the brick and the coating. Clinker linings are mentioned. 


1921 

(25) H. J. Robertson. Linings for rotary kilns. Concrete, Mill S. 19, 57 (1921).— 
The author considers the chemical composition of firebrick is of minor importance. 
The physical character of the brick and the skill of the operator of kiln are 
important factors in the life of the lining. 

(26) J. A. Fairchild. Linings for rotary kilns. Concrete, Mill S. 18, 68 (1921).— 
A case is mentioned where saving in operating cost was realised by replacing 
ordinary firebrick in the hot zone of a cement kiln with high-alumina brick. 

(27) J. A. Fairchild. Linings for rotary kilns. Concrete, Mill S. 19, 29 (1921).— 
The life of a rotary kiln lining depends entirely upon the composition of the brick, 
the composition of the raw material burned, and the fuel. Each must be studied 
separately. As a rule when the SiO,/R,O; ratio is low a firebrick low in Al,O, 
may be used satisfactorily, but as the ratio increases the Al,O, content of the brick 
should be increased. 

(28) Anon. Refractory linings for cement kilns. Brick and Clay Record, 59, 
8 13-14 (1921).—The requirements of firebrick are about 0-3 brick per barrel of 
clinker produced. The number of cement-kiln bricks produced in the United 
States is about 2-7 per cent. of the total production of firebricks. 

(29) A. F. Meverhofer. Lining for rotary kilns or furnaces. Can. pat. 209,766, 








j 
4 
4 
i 
4 


£ 
) 
; 
3 
6 
j 
; 
i 








ht ial SA a AE DG BRI ie asa TO 


Bei naic't 


Sic tab itn Dare Ch Bie t+ ae kas St ase ie i) 








JANUARY, 1940 CEMENT AND LIME MANUFACTURE PaGE 15 


Mar. 22, 1921; J. Amer. Cer. Soc. 4, 691 (1921). Cer. Abs. 6, (2-Part II), 72 
(1927).—The lining consists of an inner layer containing a high percentage of 
fused alumina and an outer heat-insulating layer. 


1922 

(30) Fredrik Valeur. Concrete from pure cement as a refractory covering for 
cement kilns. Zement, 11, 83-85, 16/2 (1922). (Wecke 207).—The author’s 
process is described. 

1923 

(31) F. Calenius. Cement clinker bricks as cement kiln linings. Tonind.-Zig. 
47, 579 (1923). (Wecke 210).—A compartment press for the preparation of cement 
clinker bricks. 

(32) P. C. Dirbin. Cement kiln insulation. Concrete. Mill S. 22, 2-4 (1923) ; 
Cer. Abs. (1923) 101.—The advantages of an efficient insulating material in a 
cement kiln are (1) a marked saving in fuel ; (2) better working conditions ; (3) 
longer life of shell and auxiliary equipment ; (4) longer life of refractories ; (5) more 
uniform distribution of heat ; (6) ease of temperature control, and (7) conservation 
of unused heat for power production. 

1924 

(33) R. M. Howe. Refractories for rotary Portland cement kilns. Cement 
Mill and Quarry (24), Jan. 20, p. 35-38 (1924).—Discusses the factors controlling 
the service from fireclay linings, which are high temperature, temperature changes, 
chemical action, abrasion, and protective coatings. Proposes trials of silica 
brick. Bauxite, dolomite, and clinker linings are also discussed. 

(34) G. V. Evers. Furnace linings. Brit. pat. 238,407, Oct.g (1924) C.A. 20, 
2057 (1926).—The inner brick surface of a cement kiln is roughened, scoured, 
indented, or embedded with particles of cement during manufacture, to facilitate 
the formation of a protective coating of cement clinker when the kiln is in use. 

(35) K. Endell. What demands are made to-day on refractory materials in 
the cement industry ? Zement 13, 230-3 (1924). C.A. 18, 2590 (1924); Cer. 
Abs. 7, 318 (1924).—Combining the usual testing of refractories with their life 
in practice the author finds kiln linings of clinker and cement to be the most 
economical. The apparatus used to determine the deformation of materials under 
load while heating is described. The action of the fusing clinker upon kiln linings 
is discussed. 

(36) L. C. Hewitt. Hot zone liners for rotary cement kilns. Cement Mill and 
Quarry, Apr. 20, 48-50 (1924.)—Kiln lining costs can be measured (1) by cost of 
refractory in terms of barrels of cement produced, and (2) in relation to shut- 
downs and loss of production. Suprafrax, a highly-aluminous refractory which 
does not have the shrinkage of the bauxite type refractories, is described. 

(37) H. A. Henry. Selection of linings for kilns. Cement Mill and Quarry, 
June 5, 40-41 (1924).—Discusses the factors affecting the life of bricks and the 
types best suited to meet the conditions. 

1925 
U.S. pat. 1,544,504, June 30, 1925. 


(38) C. J. Tomlinson. C.A. 19, 2730 
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(1925).—A kiln suitable for burning lime or Portland cement clinker, having 
internal projections for combing the material in its passage through the kiln, 
thus effecting better mixing action and greater efficiency in transferring heat to 
the mass being calcined. 


1926 

(39) Anon. Service of kiln linings. Rock Products 29, No. 4, 82-3 (1926). 
C.A. 20, 2056 (1926).—Cement kilns lined with “ Arcofrax,’’ a high-alumina 
diaspore clay brick, gave much longer service than kilns with ordinary high-grade 
fireclay. 

(40) G. Polysius. Linings for rotary kilns. Fr. pat. 618,089, June 24, 1926. 
Cer. Abs. 8, 664 (1929).—Highly-refractory materials, such as corundum, zirconium, 
etc., are mixed with aluminous cement and water; blocks, etc., formed from 
the mixture are allowed to set. [Trans. Ceram. Soc. (Eng.).] 


1927 

(41) Geoffrey Martin. Refractory linings for cement kilns. Trans. Ceram. 
Soc. 25, 394-97 (1925-26) ; Zement, No. 12, 226 (1927) ; Rock Prod., 30, 92 (1927) ; 
Cer. Abs. 6, 346-7 (1927).—The particular point of interest is a suggestion regarding 
clinker linings. A layer of concrete is made from two parts of small cement clinker 
and one part of cement, which is a satisfactory lining until the kiln is cooled down, 
when the lining splits off. The author divides the kiln as follows: Drying zone 
in wet process, for a length of 60 ft. to 70 ft. ordinary brick is suitable; preheating 
zone, 30 ft., is subject to abrasive action; calcining zone at 800 deg. F. to 
1300 deg. F., for a length of 50 ft. is subject to white-hot CaO, corrosion, and 
abrasion—therefore a brick too high in silica is not satisfactory ; clinkering zone, 
1370 deg. F. to 1430 deg. F., for a length of 40 ft. calcium silicates are formed— 
bricks g in. thick have a life of 3 weeks to 9 months and they must have mechanical 
strength and resist abrasion. The practice of coating the brick protects them. 

(42) Bibliography of literature on refractories. J. Am. Ceram. Soc. 10, No. 2, 
Pt. II, 166 pp. (1927). C.A. 22, 1662 (1928).—Abstracts and author and subject 
indexes are included. 

(43) Schuster. The rotary kiln and its operation. Chem. Zig. 51, 666-67, 
708-10, 727-28 (1927). Cer. Abs. 7, 99 (1928); C.A. 21, 3769 (1927).—The 
author discusses the methods of feeding, refractory linings, accumulation of 
deposits on the walls of a kiln, the foundation, etc. In most modern practice 
the kiln is inclined at a gradient of 4 per cent. to 5 per cent. with the horizontal. 
It is widest at the mid-section (calcination zone) to permit thorough and uniform 
heating of the charge before it enters the hottest zone. To dry a new kiln requires 
at least 8 days heating with a small fire. On the last day the temperature must 
be kept above 100 deg. F. to prevent condensation of water vapour. Gas and oil 
are replacing coal firing. 

(44) Ordinary and special hot zone refractories compared. Rock Products, 30, 
No. 4, p. 93, Feb. 19, 1927.—Gives the record of an Ohio company. Ordinary 
firebrick lasted on the average 3 months. Special Harbison-Walker refractory 
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lasted 6 months. 6 in. blocks were used in the hot zone of 6 ft. by 120 ft. kilns, 
and g in. blocks in the hot zone of 8 ft. by 125 ft. kilns. 


(45) G. Polysius A.-G. Fire-proof kiln lining. Ger. pat. 484, 531, Sept. 29, 
1927. C.A. 24, No. 3, 534 (1930).—A fire-proof lining for kilns comprises foundry 
cement and corundum pressed and moulded into a casing of fire-proof cast-iron 
alloy. 


(46) Karl Biehl. Causes of ring formation in the sintering zone of rotary 
kilns. Zement, 817-20 (1927); Rock Prod., 30 (22); 102 (1927). Cer. Abs. 7, 
32 (1928). 


(47) Hans Hirsch. Lining of lime kilns. Tontind. Zig. 51, (46), 814-10; 
(47) 836-39 (1927) ; Rock Prod., 30 (16), 83 (1927) ; Cer. Abs. 6, 449 (1927). 
1928 


(48) Anon. Bibliography of refractories. Tonind. Ztg. 52, 264-0 (1923). 
C.A. 22, 3504 (1928). 


(49) Robert Leduc. Refractory products in lime and cement kilns. Rev. mat. 
constr. trav. pub., No. 230, pp. 250-52B (1928). Cer. Abs. 8, 742 (1929). 


(50) J. H. Kruson. Preparing refractories for rotary kilns. Rock Prod, 
Sept. 17, 1928, p. 73.—Kiln liners are manufactured by the stiff-mud hand-made 
process. With clay refractories calcium orthosilicate which is subject to inversion 
is apt to form in the contact zone between the bricks and the coating. With alumina 
bricks aluminates, which are more stable, are apt to form. Gives fusion tempera- 
ture and composition of fireclay, bauxite, and diaspore brick. 


1929 
(51) Muller. Refractory linings of cement kilns. Zement, pp. 1274-77 (1929) ; 
Refrac. Jour. 5 (55), 272 (1930). Cer. Abs. 9, (7), 538 (1930).—Experiments carried 
out in Germany showed that the presence of fluorspar considerably increases the 
rate of deterioration of the linings. The fluorine constituent of the fluorspar 
plays an important part and is probably largely responsible for the deterioration, 
due to the fluorine entering into new combinations with the iron and alumina. 


(52) Anon. Refractory linings. Refrac. Jour., 5 (51), 117 (1929). Cer. Abs. 9, 
(3), 198 (1930).-—Linings of cement kilns have lasted two years, when fired alter- 
nately with oil and powdered coal, and making both British Portland and rapid- 
hardening cements. The material offers a high resistance to abrasion owing to its 
mechanical strength, and has a texture of the right porosity to prevent the bricks 
from spalling and the lining from collapsing, even when the kiln is being operated 
tu its greatest capacity. 

(53) Alfred Muller. Erosion of kiln linings. Yontnd. Zig. 53 (83), 1481-83 
(1929). Cer. Abs. 9, No. 3, 224 (1930).—In order to account for the rapid erosion 
of kiln linings in the presence of fluorspar, the author made tests of the linings, 
the deposits found on them, and the stone beneath. It was found that in the 
presence of fluorspar an increase in the alkali content of the lining and a decrease 
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in the sesquioxides, Al,O, and Fe,O,, takes place. An explanation of how this 
Caution is recommended in the use of fluorspar as an aid to 


occurs is given. 
sintering. 

(54) K. Endell. Cement kiln refractory linings. Zement, 18, 38 (1929) ; Rock 
Prod. 32 (26), 96 (1929). Cer. Abs. 9, (4), 284 (1930).—Reports on the heat 
expansion and sensitivity to temperature of refractories used in wet-process 
rotary kilns. The author describes the Steger heat-expansion recorder for 
temperatures up to 1652 deg. F. and a new “ comparative apparatus ” for tem- 
peratures to 2912 deg. F. Expansion curves are given for acid chamotte stone, 
basic chamotte brick, high-alumina chamotte brick, well-fired silica brick, poorly- 
fired silica brick, magnesite brick, and cement clinker brick. An electrically- 
operated device and its use for determining the resistance of refractories to sudden 
temperature changes are described. The number of “ freezings ’’ resisted by the 
refractories quenched in cold water from 1652 deg. F. were : acid chamotte brick, 
3 to 5; basic chamotte brick, 5 to 30; silica brick, magnesite brick and cement 
clinker brick, 1 to 2. 


(To be continued ) 


Recent Patents concrete or mortar may be moulded into 


; hard, non-porous, waterproof blocks, 
Relating to Cement. slabs, and the like. 
Cements. 


505,357. J. E. Pollak (Binney and 
Smith Co.). October 5, 1937. 

A process for the manufacture of 
hvdraulic cement comprises the addition 
of between 0-05 and 0-5 per cent. by 
weight of finely-divided dry carbon black 
to the cement clinker before or during 
grinding. The carbon black may be of 
the kind produced by the known im- 
pingement process having a particle size 
of about 60 millimicrons and is used in 
the dry state as a powder or in the form 
of pellets. About 0-08 to 0-33 per cent. 
of the carbon black is added to the cement 
and acts as a dispersing agent serving to 
make the cement particles more available 
for hydration. It is stated in the Pro- 
visional Specification that the carbon 
black may be added to the cement after 
grinding. 

Concretes : Emulsions. 


506,897. KR. Barker and H. S. Wilson. 
November 29, 1938. 

A Portland cement aggregate mixture is 
gauged with water containing an aqueous 
emulsion of whale oil, lime, or magnesia, 
and salicylate of soda, which may also 
contain slate dust. The aggregate may 
be powdered shale, slate dust, or residue 
sand, which may be from glass sand- 
blasting or granite chippings, and the 
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SCALE OF CHARGES. 


Situations Wanted, 1d! a word. mini- 
mum 2s. 6d. Situations Vacant, 14d. a 
word: minimum 4s. Box number 6d. 
extva. Other miscellaneous advertise- 
ments, 14d. a word, 4s. minimum. 


Advertisements must reach this office by 
the 5th of the month of publication. 


SITUATION WANTED. 


CEMENT WORKS ENGINEER, with 
five years practical experience in all 
branches of Cement manufacture, desires 
position at home or abroad. Box 1478, 
Cement and Lime Manufacture, 14, 
Dartmouth Street, Westminster, S.W.r1. 


PATENTS. 


The Proprietors of BRITISH PATENTS 
No. 399,101 for ‘‘IMPROVEMENT IN 
METHOD OF FORMING MASSIVE 
CEMENTITOUS BODIES,” and No. 
400,813 for “CEMENT HAVING 
ADVANTAGEOUS SETTING AND 
HARDENING PROPERTIES,” desire 
to enter into negotiations with a Firm or 
Firms for the sale of these Patents, or for 
the grantof licences thereunder. Further 
particulars may be obtained from MARKS 
& CLERK, 57 & 58, Lincoln’s Inn Fields, 
London, W.C.2. 
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CYLPEBS, and gives double the wear of 
ordinary white iron grinding bodies. The 
exceptionally long life of CHROMOID 


BALLPEBS and CHROMOID CYLPEBS is 


proved by practical experience, which 
is your guide for reducing wear-and-tear 
costs of grinding media to a minimum. 


CHROMOID BALLPEBS are available in 


all sizes from } in. to 2 in. dia. and 
CHROMOID CYLPEBS in § in. dia. and 


upwards in any desired length. Let us 
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THE MOST UP-TO-DATE AND AUTHORITATIVE WORK 


PORTLAND CEMENT 


MANUFACTURE e CHEMISTRY e TESTING 


AC. DAVIS 


M.AMECHLE.. F-C-S. 


ON 


The author isWorks Managing Director of the Associated Portland Cement 
Manufacturers Limited, the largest group of cement manufacturers in 
Great Britain, and in this important volume the reader is given the 
benefit of his unrivalled practical knowledge of every phase of cement 
manufacture. 


The subject is exhaustively dealt with from the selection and winning 
of raw materials to methods of packing and despatching cement. 


Throughout the volume the reader will find valuable information not 
previously published or available elsewhere. 


420 PAGES 280 ILLUSTRATIONS 30 TABLES 


This book thoroughly discusses and analyses: 


Modern manufacturing methods and or- 
ganisation. 

Formation and nature of cement raw materials 
throughout the world. 

Factors governing choice of materials and 
manufacturing processes. 

Advantages of dry and wet processes. 

Raw material and clinker grinding problems; 
Advantages and disadvantages of 
different types of machinery. 

Developments in clinker burning, with notes 
on improving efficiency of the rotary kiln, 
comparative methods of coal feed, slurry 
drying, and kiln control. 


Exact control of all aspects of the burning 
operation. 


Unit system of coal pulverisers in supply of 
coal to rotary kilns. 


Reactions in burning cement. 


Price 30s. net. 


Rotary kiln heat balances and the method of 
obtaining them. 


Conservation of heat in rotary kilns 


Advantages and economies of the purchase 
of electricity compared with power 
generation at the factory. 


Modern methods of packing and despatching 
cement. 
Production costs. 


Mineralogy and chemistry of cement. 


Full descriptions of methods of sampling and 
testing cement, with discussions on the 
theory and practice of various tests. 


Review of investigations into theory of setting 
and methods of control: Advantages and 
peculiarities of rapid hardening and 
generation of heat. 


Causes of concrete failures and methods of 
avoiding them. 


By Post 31s. 


CONCRETE PUBLICATIONS LIMITED, 
14, DARTMOUTH STREET, WESTMINSTER, LONDON, S.W.1 





